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ABSTRACT: Given their potential for biological nitrogen fixation, legumes used as green manure are an
alternative source of nitrogen to crops, and can supplement or even replace mineral nitrogen fertilization. The
utilization of nitrogen by sugarcane (Saccharum spp.) fertilized with sunn hemp (Crotalaria juncea L.) and
ammonium sulphate (AS) was evaluated using the 15N tracer technique. Amounts of 195.8 kg and 70 kg N per
hectare, respectively, of sunn hemp and AS were added in the following treatments: without green manure and
without AS; without green manure, with AS -15N; with green manure-15N and with AS; with green manure-15N,
without AS; with green manure and with AS-15N. Four samples from the leaves +3 were collected and 2 m of the
sugar cane row were harvested to estimate crop yield. The results for N contents (g kg-1), isotopic abundance of
N (atoms % 15N) in leaf +3 samples, and sugarcane productivity were used to calculate cumulative N, nitrogen
in the plant derived from the fertilizer-Ndff (% and kg ha-1), as well as percent recovery of fertilizer N (R%).
Sugarcane was analysed and pol and total recovered sugar calculated. The highest Ndff percentages were observed
eight months after sugarcane planting for treatments containing green manure without mineral N, and green
manure with mineral N, at 15.3 and 18.4%, respectively. The best nitrogen recovery was observed during
harvest, 18 months after planting; the treatment containing mineral fertilizer showed 34.4% recovery, while the
sum between mineral N plus green manure N showed 40.0%. Treatments containing green manure plus mineral
N changed soil attributes, by increasing Ca and Mg contents, sum of bases, pH, and base saturation, and decreasing
potential acidity. In the plant, those treatments increased Ca and K contents.
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APROVEITAMENTO DO NITROGÊNIO DA ADUBAÇÃO VERDE E
DA FERTILIZAÇÃO MINERAL PELA CANA-DE-AÇÚCAR
RESUMO: Em função de seu potencial de fixação de nitrogênio, as leguminosas adubos verdes representam
uma alternativa ao suprimento, substituição ou complementação da adubação mineral nitrogenada. Estudou-se
o aproveitamento do nitrogênio pela cana-de-açúcar (Saccharum spp.) fertilizada com crotalária júncea (Crotalaria
juncea L.) e sulfato de amônio (SA), marcados com 15N. Foram adicionados 195,8 kg e 70 kg de N por hectare,
respectivamente, de crotalária júncea e SA, nos seguintes tratamentos: testemunha, sem adubação verde e sem
SA; sem adubo verde, com SA-15N; com adubo verde-15N e com SA; com adubo verde-15N, e sem SA; com
adubo verde e com SA-15N. Foram feitas quatro amostragens de folhas +3 e colhidas plantas de 2 m de linha da
cultura para estimativa da produtividade. Com os resultados dos teores de N (g kg-1) e da abundância isotópica
de N (% em átomos de 15N) das amostras de folhas +3 e da produtividade da cana-de-açúcar, foram calculados
o N-acumulado, nitrogênio na planta proveniente do fertilizante-NPPF (% e kg ha-1), e a recuperação percentual
do N do fertilizante (%R). Foram realizadas análises tecnológicas da cana e calculados o pol (%) e açúcares
totais recuperados. As maiores porcentagens de NPPF foram encontradas após oito meses de plantio da cana
para os tratamentos com adubo verde sem N-mineral e adubo verde com N-mineral, respectivamente 15,3 e
18,4%. A maior recuperação do nitrogênio foi encontrada na colheita, dezoito meses após o plantio, sendo que
o tratamento com fertilizante mineral apresentou 34,4% e na soma N-mineral mais N-adubo verde apresentou
40,0%. Os tratamentos com adubo verde mais N-mineral alteraram atributos do solo e da planta, promovendo
aumento nos teores de Ca e Mg, soma de bases e saturação de bases e pH, com declínio na acidez potencial no
solo, bem como aumento nos teores de Ca e K na parte aérea.
Palavras-chave: Saccharum spp., crotalária júncea, 15N, técnica isotópica
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INTRODUCTION
The green manure fertilization of soil with le-
gumes has been recommended before sugarcane field
renovations (Cardoso, 1956). This practice does not im-
ply missing the cropping season and does not interfere
with cane sprouting, has relatively low cost, and elicits
significant increases in sugarcane and sugar yield during
at least two consecutive cuts. Additionally, it protects the
soil against erosion and prevents spreading of weeds.
The green manure legume must be incorporated
when 50% of plants are flowering, and sugarcane plant-
ing should be done immediately after that operation. In
the Central-Southern Region of Brazil, the most com-
monly used legumes are Crotalaria juncea (sunn hemp),
velvet bean, soybean, and peanut. Velvet bean is the most
frequently used species in Northeast Brazil.
There have been few studies on the amounts of
nutrients supplied to crops by green manures (Muraoka,
1984). The assessments of transformations undergone by
nitrogen in the soil-plant system are often impaired by the
difficulty to discriminate different sources of the element.
By using mineral or organic compounds enriched with 15N,
the nitrogen stable isotope, its pathways in the environment
can be traced with precision (Smith et al., 1963; Fried et
al., 1975). This technique allows precise information to be
obtained on the fate of nitrogen in the soil-plant system.
Ambrosano (1995) studied the fate of nitrogen
from green manure legumes and found that the efficiency
of use of this nitrogen source by corn was 30%, for the
above-ground part of sunn hemp incorporated to a pod-
zolic soil. In the study, the legumes were labeled with two
atoms % excess 15N, ensuring excellent experimental re-
sults (Ambrosano et al., 1997). Trivelin et al. (1995;
1996) showed sugarcane recovery values of nitrogen ap-
plied in mineral form ranging from 19 to 40%.
The objectives of this work were evaluating the
utilization by sugarcane of nitrogen from green fertiliza-
tion and from mineral fertilization with ammonium sul-
fate, applied together or separately; and evaluating the
impact of these N sources on agricultural productivity,
sugar yield, nutrient contents in the plant, and soil chemi-
cal characteristics.
MATERIAL AND METHODS
The experiment was carried out in Piracicaba, SP,
Brazil (22°42’S, 47°38’W; altitude 560 m). The area’s
soil, classified as Arenic Hapludult, was chemically char-
acterized at different depths after cutting the green ma-
nure crop, before planting the sugarcane (Table 1).
In the first stage of the experiment, the sunn hemp
was sown and labeled with 15N. The dry, labeled plant
material containing 2.412 atoms % excess 15N was ob-
tained in December, 2000. Total dry mass was equivalent
to 9.150 Mg ha-1, with 21.4 g kg-1 N, totaling and inflow
of 195.8 kg ha-1 N added to the soil, as described by
Ambrosano et al. (2003). Next, nitrogen utilization by
sugarcane fertilized with sunn hemp as a green manure
crop (SH) and ammonium sulfate (AS), both labeled with
15N was assessed. Treatments were: Control; AS-15N; SH-
15N + AS; SH-15N; AS-15N+ SH
After growing for 90 days, plants were cut and
the fresh mass was laid on the soil surface. Sugarcane cul-
tivar IAC- 87-3396 was planted on March 1st, 2001.
Sidedressing fertilization with ammonium sulfate (AS)
was done 90 days from planting. The sidedressing appli-
cation of mineral 15N was done using ammonium sulfate
labeled with 3.02 ± 0.01 atoms % 15N (equivalent to 70
kg N per hectare).
Experimental plots consisted of 10 sugarcane
rows, 10 m in length, spaced 1.40 m. The 15N-labeled
Table 1 - Soil chemical characteristics before sugarcane planting, in plots with and without green manure, at depths of 0-0.2
and 0.2-0.4 m
Variables
Soil without green manure crop Soil with green manure crop (sunn hemp)
0-0.2 m 0.2-0.4 m 0-0.2 m 0.2-0.4 m
pH (0.01mol l-1)  4.1  4.0  4.5  4.7
O.M. (g dm- 3)  26  22  24  22
P (mg dm-3)  3  14  6  6
S (mg dm-3)  12  15  8  8
K (mmolc dm
-3)  0.7  0.5  0.3  0.3
Ca (mmolc dm
-3)  7  6  12  11
Mg (mmolc dm
-3)  6  5  11  10
H + Al (mmolc dm
- 3)  50  68  36  31
Al (mmolc dm
- 3)  10  11  2  2
SB (mmolc dm
-3)  13.7  11.5  23.3  21.3
CEC (mmolc dm
-3)  63.7  79.5  59.3  52.3
V %  22  14  39  41
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sources were applied in microplots consisting of three
contiguous, 2-m long sugarcane row segments in treat-
ments involving SH-15N, and two, 1-m long segments in
treatments involving AS-15N. A basal fertilization contain-
ing 100 kg ha-1 P2O5 in the form of triple super-phosphate,
and 100 kg ha-1 K2O as potassium chloride, was done in
all treatments, to ensure full sugarcane development.
Three complete leaves+3 (3rd auricle visible, ac-
cording to Kuijper system) were sampled from plants lo-
cated in the central meter of microplots involving 15N
sources at the positions corresponding to adjacent rows,
following the methodology recommended by Trivelin et
al. (1994). The samples, collected on 10/29/2001 (1), 02/
20/2002 (2), and 05/28/2002 (3), were then dried in a
forced-air oven at 60°C, and ground in a Wiley mill. 15N
abundance (atoms %) and N content (g kg-1) determina-
tions were made in a Europa Sc. ANCA-SL mass spec-
trometer coupled to a N analyzer.
Whole plants were also harvested in all sam-
plings from 2 m of each treatment in an adjacent area
to the microplots, to determine the fresh weight of the
above-ground part of the plants. Sub samples taken im-
mediately after grinding samples in a forage mill, were
dried in a forced-air oven at 60°C, and the dry weight
determined; nitrogen contents (g kg-1) and 15N abun-
dance (atoms %) in the dry samples of plant material
from microplots was also determined in a mass spec-
trometer. The mean mass yield of fresh and dry matter
(Mg ha-1) and total cumulative nitrogen (kg ha-1) were
estimated for different sampling seasons, as well as N
derived from the labeled source (Ndff) in the above-
ground part of sugarcane.
The final sugarcane harvest was done eighteen
months after planting, on sampling four. In samplings
three (05/28/02) and four (08/24/02), the stalks were har-
vested for technology analyses of Brix%, pol%, and to-
tal recovered sugar (T.R.S.; kg per Mg of sugarcane), in
samples consisting of 10 continuous cane stalks in the
row, for each treatment (Tanimoto, 1964). Based on data
obtained in the technology analysis, agricultural produc-
tivity in Mg of stalk per hectare (TSH; Mg ha-1), total
soluble solids (POL %), and total recovered sugar (T.R.S.
per Mg of cane produced) were calculated.
The percentage and amount of nitrogen in the
plant derived from the labeled source (Ndff; % and kg
ha-1 ), and the N recovery percentage from the labeled
source (R%) were calculated based on the isotopic results
(atoms %) from leaf+3 samples in samplings one, two,
and three, and stalks in samplings three and four, using
the following equations (Trivelin et al., 1994):
Ndff (%) = (a/b) .100  (1)
QNdff (kg ha-1 ) = [Ndff (%)/100].TN (kg ha-1 )  (2)
R(%) = [Ndff (kg ha-1 )/ NF (kg ha-1 ) ] .100                    (3)
where: a and b are 15N abundance values (atoms % ex-
cess) in the plant and in the labeled source (AS or green
manure crop), respectively; TN is total cumulative nitro-
gen in the sugarcane plant (kg ha-1 ); NF is the AS-N or
green manure-N rate (kg ha-1 ). For R% calculation pur-
poses, rates of 70 kg ha-1 for N-ammonium sulfate and
195.8 kg ha-1 N for the organic source (sunn hemp) were
taken into consideration.
Soil mineral nitrogen (nitrate and ammonium)
extracted from a 10-g soil sample was determined by
shaking of the sample with 50 mL of a KCl 2 mol L-1
solution. After shaking, the material was filtered and the
extract was distilled with MgO and Devarda’s alloy, ac-
cording to methodology described by Buresh et al. (1982).
This procedure was carried out for soil samples collected
in each sampling season. Soil samples were also collected
for chemical characterization at the sugarcane planting
and harvesting seasons.
The chemical analysis of plants to determine
macro and micronutrient contents were made in stalks
collected in the harvesting season, and followed the
method proposed by Bataglia et al. (1983). Precipitation
(mm water) and temperature (°C) data were taken along
the experimental period from a weather station located
at the Pólo Centro Sul, in Piracicaba.
Trials were set up in randomized blocks experi-
mental design, with four treatments (n = 4). Treatment
means were compared by Tukey test (a = 0.05). For the
analysis of variance, the Ca, Mg, and SB data from the
soil sampling made during the planting season, and the
Mg data obtained during the sugarcane harvesting sea-
son were transformed to log (x), since the assumptions
of the mathematical model were violated. For mineral N
in the soil, a random blocks design was used, with four
replicates organized as split plots, where plots represented
treatments and subplots represented depths.
Statistical analysis of other data was performed
using the concept of measurements repeated in time and
the MIXED procedure in the SAS (Statistical Analysis Sys-
tem) version 8.2 for Windows software (Littel et al., 1996).
The AKAIKE information criterion was used to select the
variance and covariance matrix, by choosing the matrix
with the smallest value for that parameter (Akaike, 1974
and SAS, 2004). In the statistical model, the effects of treat-
ment, sampling seasons, and their interactions were con-
sidered fixed, and the block effect was considered random.
The adjusted means for the fixed effects were obtained with
the “LSMEANS” option, and mean comparisons were
made by the Tukey-Kramer test (a = 0.1).
RESULTS AND DISCUSSION
There was an increase in fresh and dry plant mat-
ter weight and cumulative nitrogen, in the mean of four
samplings, in the treatment consisting of green manure
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crop and mineral nitrogen applied together in relation to
the control treatment (Table 2). However, no difference
was observed in relation to the other treatments and the
control for all parameters listed in Table 2. The fresh and
dry matter yields, as well as cumulative N, were signifi-
cantly higher in the fourth sampling. However, nitrogen
contents were significantly smaller, demonstrating the
occurrence of a dilution effect of N in the plant matter
produced.
The cumulative N results are similar to those
found by Oliveira (1999), who obtained, during sugar
cane harvesting, mean values of 252.3 kg ha-1 cumula-
tive nitrogen, with high nitrogen and plant material ac-
cumulation during the last three months, as also observed
by Trivelin et al. (1996). The nitrogen contents found in
the above-ground part of sugarcane, (Table 2), are in
agreement with results of Oliveira (1999). Significant dif-
ferences between treatments were only observed in May
28, 2002 sampling, and the treatment containing AS-15N
was superior to those involving SH-15N.
Mascarenhas et al. (1994) provided evidence of
the positive effect of green manure fertilization with sunn
hemp in sugarcane, with higher productivity than with the
application of 40 kg ha-1 mineral N to the soil. Kanthack
et al. (1991), studying lupine in corn, and Muraoka et al.
(2002), studying velvet bean and sunn hemp in rice, did
not observe any effect of mineral N applied together with
the green manure crop.
Table 2 - Fresh and dry sugarcane plant matter, nitrogen content, and nitrogen accumulated in the plant in samplings of 29
October 2001 (1), 20 February 2002 (2), 28 May 2002 (3), and 24 August 2002 (4).
Means followed by the same lower case letter, in the rows, and upper case letter, in the columns, are not different by the Tukey-Kramer
test (P> 0.10). 1Standard error of the mean. 2AS-15N (15N-labeled ammonium sulfate). SH + AS -15N (Sunn hemp + 15N-labeled ammonium




Control AS-15N2 SH + AS -15N SH- 15N Mean SEM1
------------------------------------------  Fresh matter Mg ha-1 ------------------------------------------
1       7.2     9.8     13.1      12.2  10.5 D   0.79
2     24.9   31.2     36.3      36.4  32.2 C   0.91
3     35.8   36.6     37.7      44.2  38.5 B   1.71
4     85.9  106.2    128.7      92.4  103.3 A   4.72
Mean     38.4 b   45.9 ab     53.9 a      46.3 ab
SEM1      2.40     2.40      2.40       2.40
-------------------------------------------  Dry matter Mg ha-1 -------------------------------------------
1       1.9    2.4      3.2       2.9  2.6 D   0.19
2       6.1    7.4      8.6       8.8  7.7 C   0.22
3     11.4   10.9     11.2      13.9  11.9 B   0.56
4     25.5   31.6     37.9      27.6  30.7 A   1.47
Mean     11.2 b   13.1 ab     15.2 a      13.3 ab
SEM       0.74     0.74      0.74       0.74
--------------------------------------------- N content g kg-1 ---------------------------------------------
1     15.2 A a   15.9 A a     16.3 A a  15.3 A a        15.7   0.023
2     13.9 AB a  14.6 AB a  14.3 AB a  12.8 B a        13.9   0.023
3  11.5 B ab   12.6 B a     12.1 B ab  10.2 C b        11.6   0.023
4       6.8 C a     7.5 C a       6.9 C a  8.2 C a          7.4   0.023
Mean     11.9   12.7     12.4      11.6
SEM      0.023     0.023      0.023        0.023
------------------------------------------  Cumulative N kg ha-1 ------------------------------------------
1     30.0    38.8      53.1      44.9  41.7 D   3.13
2     84.3  108.5   123.9    112.1  107.2 C   3.36
3   132.6  137.6   135.3    139.3  136.2 B   5.80
4   177.4  235.6   256.9    220.4  222.6 A      14.09
Mean   106.1 b  130.1 ab   142.3 a    129.2 ab
SEM      7.37     7.37      7.37       7.39
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The nitrogen contents in sugarcane leaves and
stalks derived from labeled sources (Ndff %), total
amount of nitrogen (QNdff in kg ha-1), and nitrogen re-
covery (R %) of treatments in different samplings are pre-
sented in Tables 3 and 4. With regard to nitrogen percent-
ages in sugarcane leaves from labeled sources (Table 3),
a higher sugarcane nitrogen percentage derived from sunn
hemp was observed in the first sampling, which demon-
strates the importance of the presence of an organic
source for initial nitrogen nutrition in sugarcane. With re-
gard to the amounts of nitrogen found in sugarcane
leaves, no differences can be observed between nitrogen
supplied by sunn hemp either supplemented or not with
mineral N, indicating that both sources were able to sup-
ply the crop’s nitrogen requirements. Smaller mineral ni-
trogen recovery was also registered in the first season,
compared with nitrogen from sunn hemp, which did not
vary with time.
The higher percentage of nitrogen in sugarcane
derived from sunn hemp in the first sampling may indi-
cate that, under the low water availability condition to
which the crop was submitted (Figure 1), nitrogen was
supplied by the organic source, since this value was about
three times higher than the mineral source (Table 3). This
was not reflected on nitrogen recovery, since no differ-
ence due to nitrogen source on the percentage of N re-
covered by sugarcane was observed in the first sampling
(Table 3). In later samplings, recovery was higher in min-
eral N treatments.
Three months before harvest (Table 4), the per-
centages of nitrogen in the stalk derived from an organic
source were low in sunn hemp treatments, increasing to
approximately 8% in the harvest, and becoming equal to
the other treatments that involved mineral N. A greater
proportion of nitrogen derived from mineral N was ob-
served in stalk samplings obtained on May 28, 2002.
However, regarding the amount of nitrogen in the stalk
from labeled sources, no differences between treatments
were observed on average, which indicates an adequate
supply of nitrogen to sugarcane from both sources. At
harvest, total recovery from stalks (AS-15N +SH+ SH -
15N +AS) was 40.0 % (Table 4).
With regard to nitrogen recovered by sugarcane
stalks, the relatively low values of about 30% for min-
eral N and 9% for organic N agree with results in the lit-
erature. Trivelin et al. (1995; 1996) found values between
19 and 43% using the mineral fertilizers Aquammonia
and Urea in ratoon cane at the beginning and end of the
cropping season. According to these authors, in sugar-
cane, a large part of cumulative N may originate from ni-
trogen biological fixation and from N mineralized in the




AS-15N2 SH- 15N + AS SH- 15N AS-15N + SH Mean SEM1
------------------------------------------------  Ndff (%) -------------------------------------------------
1      5.0 B b   18.4 A a   15.3 A a   7.2 B b   11.5 1.89
2   13.1 A a   13.5 AB a   10.7 AB a   15.1 A a   13.1 1.44
3   12.0 A a    8.1 B a    7.6 B a   13.2 AB a   10.2 0.83
Mean   10.0   13.3   11.2   11.9
SEM1      2.29    2.29    2.29   2.29
--------------------------------------------  QNdff (kg ha-1)  ---------------------------------------------
1      1.9   11.2    6.9   3.6    5.9 B 1.78
2   14.6   16.3   12.2   24.5   16.9 A 1.78
3   16.1   11.1   10.7   21.6   14.9 A 1.78
Mean   10.9 a   12.9 a    9.9 a   16.6 a
SEM      2.05    2.05    2.05   2.05
-------------------------------------------------  R (%) --------------------------------------------------
1    2.6 B a    5.7 A a    3.5 A a   5.1 B a    4.2 0.69
2   20.9 A ab    8.3 A ab    6.3 A b   35.1 A a   17.7 3.07
3   23.0 A ab    5.7 A b    5.5 A b   30.9 A a   16.3 2.50
Mean   15.5     6.6    5.1   23.7
SEM    3.08    3.08    3.08   3.08
Means followed by the same lower case letter, in the rows, and upper case letter, in the columns, are not different by the Tukey-Kramer
test (P > 0.10). 1Standard error of the mean. 2AS-15N (15N-labeled ammonium sulfate). SH-15N + AS  (15N-labeled Sunn hemp + ammonium
sulfate). SH-15N (15N-labeled Sunn hemp). AS -15N+ SH (15N-labeled ammonium sulfate + Sunn hemp).
Table 3 - Nitrogen in leaves derived from the labeled fertilizer source (Ndff and QNdff) and nitrogen recovery (R) in samplings
of 29 October de 2001 (1), 20 February 2002 (2), and 28 May 2002 (3).
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et al. (2002) using an organic source applied or not to-
gether with a mineral source. Two legumes, velvet bean
and sunn hemp, and two mineral N rates, 40 and 80 kg
N ha-1 in the form of urea, were used. The authors con-
cluded that the green manures provided better mineral N
utilization, particularly in sidedressing applications, re-
sulting in an efficiency of use of the source N of up to
79%.
At the final harvest, there were no differences in
the amounts of nitrogen (QNdff) in sugarcane stalks de-
rived from N sources, indicating that both the organic and
the mineral source were able to supply the N demand by
sugarcane, (Table 4). Higher QNdff was also observed
during the sugarcane harvest season.
The amount of mineral N was low in the first
sampling (Table 5), a season with great water deficit
(sampling on October 29, 2001, eight months after sug-
arcane planting), while in the second sampling, made on
February 20, 2002 (twelve months after planting), soil
mineral N was significantly higher. There were no dif-
ferences in soil mineral N as influenced by the treatments
and by collection depth; however, great difference oc-
curred between different sampling seasons, which must
be related to the soil moisture (Table 5).
The SH + AS-15N treatment was prominent in re-
lation to the control, and yielded greater TSH. However,
this productivity increase was not reflected on industrial
quality, and the treatment showed smaller POL and T.R.S.
values at the harvest season (Table 6).
There was no variation in nutrient contents for
macronutrients N and P, and for micronutrients B and Zn
in sugarcane stalks at harvest (Table 7). However, there
were differences in Ca and K contents; the latter showed
higher values in treatments involving fertilizer applica-




























































































Table 4 - Nitrogen in the stalk derived from the labeled fertilizer source (Ndff and QNdff) and nitrogen recovery (R) in
samplings on 28 May 2002 (3) and 24 August 2002 (4).
Means followed by the same lower case letter, in the rows, and upper case letter, in the columns, are not different by the Tukey-Kramer
test (P > 0.10). 1Standard error of the mean. 2AS-15N (15N-labeled ammonium sulfate). SH-15N + AS  (15N-labeled Sunn hemp + ammonium




AS-15N2 SH- 15N + AS SH- 15N AS-15N + SH Mean SEM1
------------------------------------------------  Ndff (%) -------------------------------------------------
3   14.8 A a    4.0 A b    3.2 A b   10.8 A a    8.2 0.27
4   10.5 A a    7.0 A a    8.2 A a   10.3 A a    9.0 1.12
Mean   12.7    5.5    5.7   10.6
SEM1    1.13    1.13    1.13    1.13
--------------------------------------------  QNdff (kg ha-1)  ---------------------------------------------
3    4.2    0.9    0.8    3.9    2.45 B 0.30
4   24.1   19.3   17.3   21.1   20.45 A 2.83
Média   14.2 a   10.1 a    9.1 a   12.5 a
SEM1    2.77    2.77    2.77    2.77
-------------------------------------------------  R (%) --------------------------------------------------
3    5.9    0.5    0.4    5.5    3.1 B 0.41
4   34.4    9.9    8.8   30.1   20.8 A 3.17
Mean   20.2 a    5.2 b    4.6 b   17.8 a
SEM1    3.02    3.02    3.02    3.02
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tion, either mineral or organic, while Ca showed a higher
value in the treatment with green manure and mineral N,
indicating better nutrition with this element in the treat-
ment containing higher nitrogen supply.
Treatments Depth (m) Sampling seasons
Control AS-15N2 SH + AS -15N SH- 15N 0-0.2 0.2-0.4 1 2 3 4
-----------------------------------------------------------  mg kg-1 ----------------------------------------------------------
  3.77 a   4.89 a   4.12 a   3.34 a   4.10 a   3.95 a   2.73 b   7.46 a   2.93 b   2.99 b
  0.351   0.35   0.35   0.35   0.20   0.20   0.31   0.31   0.31   0.31
Table 5 - Soil mineral N at depths of 0-20 and 20-40 cm in samplings of 29 October 2001 (1), 20 February 2002 (2), 28 May
2002 (3), and 24 August 2002 (4).
Means followed by the same letter, for each factor, are not different by Tukey-Kramer test (P > 0.10). The interactions between treatment,
season, and depth factors were not significant (P > 0.05). 1Standard error of the mean. 2AS-15N (15N-labeled ammonium sulfate). SH + AS
-15N (Sunn hemp + 15N-labeled ammonium sulfate). SH-15N (15N-labeled Sunn hemp).
Table 7 - N, K, P, Ca, Zn, and B contents in sugarcane stalks at harvest time.
Means followed by different letters vertically in each sampling season are different by Tukey test (P < 0.05). 2AS-15N (15N-labeled
ammonium sulfate). SH-15N (15N-labeled Sunn hemp). SH + AS -15N (Sunn hemp + 15N-labeled ammonium sulfate).
Treatment
N K P Ca Zn B
Contents determined in sugarcane stalks at harvest
-------------------------------  g kg-1 - ------------------------------ ------------  mg kg- 1 - -----------
Control   7.2 a   3.3 b   0.8 a   1.6 b   10.9 a   12.1 a
AS-15N2   8.1 a   6.7 a   0.9 a   1.7 b   15.3 a   14.9 a
SH- 15N   7.7 a   7.1 a   0.9 a   1.8  b   13.3 a   14.8 a
SH + AS -15N   8.8 a   8.5 a   1.0  a   2.4 a   13.7 a   15.4 a
Mean   8.0   6.4   0.9   1.88   13.3   14.3
C.V.%       11.52      27.89      15.61   8.14   19.80   18.00
Both N and K absorption are greatly influenced
by moisture; this relation has been known for a long time
(Humbert, 1968), and the fact that treatments involving
green manure crops maintained environments with higher
Table 6 - Agricultural yield in Mg of stalk (TSH), sugarcane POL %, and T.R.S., in samplings of 28 May 2002 (3) and 24
August 2002 (4).
Means followed by the same lower case letter, in the rows, and upper case letter, in the columns, are not different by the Tukey-Kramer
test (P < 0.10). 1Standard error of the mean. 2AS-15N (15N-labeled ammonium sulfate). SH + AS -15N (Sunn hemp + 15N-labeled ammonium




Control AS-15N2 SH + AS-15N SH- 15N Mean SEM1
---------------------------------------------  TSH (mg ha-1)  ----------------------------------------------
3    32.5      36.6      37.7       43.3         37.5 B 1.35
4    85.9   106.2   128.7       92.4   103.3 A 5.24
Mean    59.2 b      71.4 ab      83.2 a       67.9 ab
SEM1     4.92       4.92        4.92         4.92
------------------------------------------------  POL (%) -------------------------------------------------
3    12.9 B a      12.5 B a      12.6 A a       12.8 B a         12.7 0.15
4    14.2 A a      14.1 A ab      12.6 A b       14.0 A ab         13.7 0.15
Mean    13.6      13.3      12.6       13.4
SEM      0.22       0.22        0.22         0.22
-----------------------------------------------  T.R.S. (kg) ------------------------------------------------
3   127.3 A a   125.1 B a   125.6 A a   126.3 B a   126.1 1.29
4   135.1 A a   135.5 A a   122.2 A b   135.5 A a   132.1 1.29
Mean   131.2   130.3   123.9   130.9
SEM     1.82       1.82        1.82         1.82
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moisture due to soil mulching with plant mass could have
favored better potassium nutrition. With regard to cal-
cium, nitrogen seems to favor absorption (Silva &
Casagrande, 1983).
The presence of a green manure crop and mineral
N applied together caused some soil alterations that could
be detected in samples collected in the sugarcane plant-
ing and harvesting seasons (Table 8). There was an in-
crease in Ca and Mg availability, and consequently in
base saturation and pH, in relation to the AS-15N treat-
ment, at planting. Similar results were obtained by Sakai
et al. (2003), who worked with four velvet bean cultivars.
The presence of green manure caused a significant sum
of bases increase, due to increases in calcium and mag-
nesium; consequently, treatments involving velvet bean
showed higher CEC values. The presence of organic ac-
ids in the plant mass could be the reason for this change
(Miyazawa, 2000).
During sugarcane harvest, increases in Mg con-
centration, pH, and base saturation (V%) were observed
in the treatments containing SH-15N+ AS in relation to
the treatment containing AS-15N alone. Also, a significant
reduction in potential acidity was observed in treatments
containing SH-15N+ AS in relation to the treatment con-
taining AS-15N alone.
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